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ABSTRACT

The vapors issuing from mullite and Graphite Knudsen cells containing
pure metals and alloys of the triad Cu~-Ag-Au have been analyzed mass spectro-
metrically. From the experimental ratios of diatomic to monoatomic species
and the vapor pressures of the elements, the following dissociation energies
are obtained:

o
D, (Cup) = 43.2 % 2.2 keal Dy

(Aghu) = 47.6 * 2,2
(AgCu) = 407 ¢ 2,2

D, (Aug) = 51.9 ¢ 2.2 keal Dy (AuCu) = 54.3 ¢ 2.2

These age based on H'®P = 81,1, 68.4 and 87.5 cal/mole for Cu, Ag and Au
vhere Dy of AghAu depggﬁs on the value for Cu, and D: of Aghu and AuCu on
M. The uncertainties quoted do not include the uncertainty inAH'ZP.

These results are interpreted in terms of chemical bonding theories,
The relation between bonding in the gas and in the pure condensed phases
is again observed., Murthermore, a previously unobserved qualitative re-
lation between the dissociation energy of the asymmetrical molecule and
the heat of formation of the carresponding alloys is indicated.
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Introduction.

> 2 have been

identified and studied by optical spectrcscopy in emissicn

The symmetric mclecules Cu_, Ag_ and Au
[

and in abscrption by Ru:rps (1), and by Klemen, Lindkviet

and Selin (2-3). Vibrution

(1) J. Rusmps, Comrt.rend. 237, 1u89 (195i).

(2; B. Klemen and S. iindkvist, arliv Fys, 8 333 (1954);
9, 385 (1S5%),

(3) Kleman, Iindkvist snd 3elin, ark. Fys. 8 505 (1954).

frejuencies and disscciaticn energles frcm linear birge-sponer
extrapoleticns were obtzined. Drowart and Honig (i) and

Schissel (65)

(4) J. Drowart and KR.&, Honig, J. Chem. Phys., 25, 581
(1956); J tys Ciem 61 980 (1957)
(5) P. Schissel, J. Chem. Phys., 26, 1276 (1957).

used mass spectrometric technigue to study the species
vapcrizing from the pure metals. They indentified the
symmetric diatomic molecules and determined the heats of

disscclation. Martynkevitch (6), Rosenstock (7),and searcy,

Freeman and Michel (8) have observed

Manuscript released 26 March 1960 for publication as a
WADD Technical Report.




(6) G.M.Martynkevitch, Vestnik, :oskcv Univ. Ser.Mat;ﬁgkn,
Astrcn., Fiz., shim., 13,151 (1958);C.a.,53, 5796h (1959).
(7) H.M.Rosenstcck, in Electrcmagnetically Enriched Isotopes
and Mass Spectrometry, ed. N.L.Smith, Butterworth, ILondocn
(1956) p. 155. (S) sesrcy. Freeman and lichel, J.Am. Chem.
Soc. 76 4050 (1954).

trietcmic ions of ccprer o cf silver.

The asymmetric molecules. Aghu, Ang,and AuCu were ob-
served spectrcscoprically by Ruamps (9-10). The species AuCu
wepe observed by Schissel (5), while all three asymmetric

mclecules were observed by ackerman. (11).

(9) J.Ruamps Corni.rend. 239 120C (195i)
(10) J. Ruamps Colloqium Spectrosccpium Internaticnal VI

(Amsterdam, 1956), Pergamcn, London.
(11) M. Ackerman, Ind. Chim. Belg., 25, 0000 (1960)

The present paper reports a mass spectrometric deter-
mination of the dissociation energies of the syru.etric and
asymmetric diaztomic molecules in eguilibrium with binary
Cu-Ag-Au allcys. Particul:r emphasis has been placed on
cbtaining values of dissoéiation enerzie s thiat are

accurate relative to one ancther.

Experimental.
Binary alioys were prepared by mixing together weighed

quantities cf the 99.9 % pure metals and melting them
in the mass spectrcmeter. The initial compositicn was gener-

ally abcut 90 &t-% of the less volatile constituent.In all cases,




the more volatile constituent was fcund to distill off
quentitatcively leaving behind the other constituent
essentially pure.

The 2l)oys were vaporized from electrcn-bombardment
heated (12) Knudsen cells with l-mm diameter orifices and
crifice to sample surface ratio cof about 1/100. In ths

early experiments,

(12) w.a, Chupka and .Y, Inghram, J.Phys. Chem., 59, 100 (1955).

graphite nnudsen cells were useéj however, particularly
in the case of gold, during the course of an experiment the
moncmer intensity was cbserved to decrease abpreciably, and
the dimer/mcncmer rutic, taken at constont temperature,
similerly decreased by as much as a factor ¢f ten.
bxamination cf a ball of gold that remained after such an
experiment showed that it was covered by a heavy layer cf
graphite. aAs 2 result, experiments were made using a
mclybdenum outer crucible and an impermeable mullite
(3A1203.2ﬁ502) inner crucicle, wrich proved to rce satisfactory.
A Leeds and liorthrup dissprearing filament optical
pyrometer was used tc measure the brigzhtness temperature
of a hcle drilled in the bottom cf the molybdenum crucible.
Calibrations for emissivity were cbtained in situ and are

given under "analysis of Data',




The crucible and scurce arrangement are significintly
difierent from those used previcusly in this laboratcry
and are shown in Figure 1. The pyrcmeter window A 1is
protected frcm deposits by the magneticalliy operated shutter
b. The geometry used is such that the pyrometer objective
is completely filled by light frcm the black-body hole
in the crucible D. The molecular beam limiting averture 1s
a one miliimeter orifice at J. Lfhe density distribution
of the depcsit c¢cn a window on the far side of the scurce
K is the sume &s that calculated for a one millineter
erucible orifice and the collimation at J. tone ¢f the
molecular beam strikes any psart of the scurce. A movable
beam defining slit H, whose position is fixed by a
micrometer screw, permits us to distinguish between ions
forsed from species in the molecular beam, from species
possibly reevavorating from the radiaticn screens and from

the residual gases in the source (13).

"
(13) M.G.Inghram and J. Drcwart, liass Spectrometry Applied
to High Temperature Chemistrxn Froceedings of a conference,

Asilcmar, Calif. 1959.

Pumping speed in the region of the scurce and the
furnace is about 10 liters/sec.

The ion scurce is the same as used previcusly (i,1ly)
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(14) J. Drowart and P. Goldfinger, J. Chim,Phys., 55
72 (1958).

Ions were formed by a 3 to BOAh&beam of 5§ to 70 volt
electrcns and accelerated to 20C0 eV.

The ions forr ed were mass anualysed by a 20~cm.
radius cf curvature, 60o sectcr, single focusing mass
spectrcmeter ith a resolving power of 1/700 (Rayleigh
critericn). The ion current leaving the exit slit was
further accelerated to L4500 eV, amplified by a nine
stage Ag-Mg seccndary electrcn multiplier, and then
measured by a vibrating reed amplifier and pen rec-
order, Specles were identified (13) by mass, isotope
ratio, aprearance potential and dependance of in-
tensity on the pcsiticn of the movable beam defining

slit H. .

Lxperimental Data.

In aadition tc the atcems, only the six'symmetric
and asymmtric diatomic mclecules were observed. Table
I presents the cbserved ratios of diatc~ic to mono-
ztemic melecules corrected for ionizetion crcss section
and multiplier efficiency. The first colurmn of the
teble indicctes tie nuuber of the experiment ; the
second, the a~scute tempe.auv.re ; the third, the ratio
of mclecule pressure to that of the more volatile atomic

5




species ; and cti:e 'ast, the value of the dissociation
energy calcul:ted by kgq. (1). Values indicated by an
asterisk ure averages of 3 to 5 ccnsecutive readings

teken at a given temperaoture.

Treatment of Data.

fhe dissocistion energies Dg were calculated

usi ng the relation
D° = - RT 1n I(Y)gw (XY) p(X) - TFO ;- Hg) (1)
T

° ISy (X)

where I(Y) is the icn current due to species Y ;@™ the
icnizesticn crcss secticn ;J/the relative efficiency of
the seccndury electron multiplier ; o(X) the vavor
rressure cf the less vclatile species X ; and (FO-—HS)/T
the free energy functicn,

Values for the relctive ionizaticn cross sections
of Cu and Ag vere taken from Otvos und stevenson (15),

The value fc¢r Au was

(15) G.w.CUtvos and v.l.Stevenson, J.Am. Chem. Soc., 78,

S5u6 (1956).

calculated from data for a guantitative vaporization
of a Cu-Au alloy in the mass srectrometer with a
classical collector. Equaticn (2) presents the relat-

icn between ion intensity anl ionlzation cross sections

6




o (x) §(X)st = (s/6) (W2m)I/2Z ¢ 1(X) T1/2 At (2)

where x is unity for a classical collector, S!
is characteristic of the instrument, s is the area of
the effusion orifice, G the number of gramus evaporated,
M the molecular weight, R the gas constant, T the
absolute temperature, and t the time. when compari-
son is made between two substances evaporated simul-
taneously, S' and s cancel., The value obtained 1is
o~ (Au) /e=(Cu) = 35/18.4.
For the diatomic species we assume (XY) = (X) 4 (Y).
The multiplier efficiency, as a function of mass
cnly, was determined experimentally from data for a
mixture cof rare gases and from quantitative vapori-
zations of alloys. Molecular effects were calcula ted
as sug~ested by Stantcn, Chupka and Inchram. (16).

The values used are shcwn in Table IIL.

(16) stanton, Chupka and Inghram, Rev. Sci. Inst.,
27, 109 (19%6).

The temperature scale of the pyrometer was verified
by observing the melting point of Cu, Ag}and Au., The

experimental arrangement ccnsisted of a block of graphite

7




under a hydrcgen atmospheie in an electrically heated
quartz tube furnace. Une hole in the graphite block
served as a '"black body" while an adjacent served as

sample holder,

(17) D.X.Stull and G.C. Sinke, Thermodynamic Properties
of the Elements, Advances in Chemistry, Series 18,

Am,Chem. Soc., Washington, D.C., 1958.

In addition, an in situ calibration described by
Johnson, Hudson, Caldwell, Spgdding,and sSavage (18)

using the molybdenun

(18) Johnscn, Hudson, Caldwe.l, Spedding, and Savage,
J.Chem.Fhys., 25, 917 (1956).

celi in the mass spectrometer was performed. This in-
volved measuring the crucible Brightness temperature
and ionié intensity «f the species X+ at some.temper-
ature Jjust above the point of fusicn. The heating

power was reduced, the cooling curve recorded, and

the brightnes: temperature measured at t..o lower
fecmperuture. Interpclation «f the intinsities bztween
the higler and lower temperatures mecsured was achieved
using a tlot of log I*T vs 1/I. The observed point of
fusion of Au was ud’ low. This was attributed to the

low emissivity cf the mclybdenum. Corrections were made

8




assuming an emissivity of 0.7 (19)

"
(19) W.E. Porsythe, Temperature, Its me:surement

[/
and ccntrol,'Reinhold, New York (1941) p. 1183.

The heats of sublimation AH3GR of Cu, Ag,and Au
were taken as 81.1, 68, L and 87.5 keal,Vapor pressures
for Cu and Ag were taken from Stull and Sinke (17).
For gold, there is a disagreement tetween the value
given by Stull and sSinke, which is bases on hall's

work (20 f), and the recent

(20) (a)O.Ruff and G.Bergdahl, Z.anorg.Chem 106, 76,
(1919); (b), C.Ruff and H. Konschak, Z. Electrochem.

32, 515 (1926); (e¢) , P. Harteck, Z. physik Crem. 13i,

1 (1928) ; (d) A.Farkas Z. physik Chcui B5 467 (192Y;;

(¢) , E.Bauer and R. Brunner Helv.chim.Acta 17, 958 (1934);
(£) , L.D. Hall, J.Am.Chem.Scc. 73, 757 (1951) ; (g) ,
Nesmelanov, Smakhtin and Lebedev, Doklady Akad.Nauk SSR,
112, 700 (1957); (n), R.K.'Edwards; private communi-

cation ; (1), E.G. Rauh, unpublisked data.

determinations of Nesmeianov, Smakhtin’and Lebedev
(20 g), Edwardis (20 h), and Rauh (20 i). Table III
indicates the varicus values calculated for Hzgg for
gold, based on the free énergy functicns of Stull and

Sinke (17).

The values of Harteck, and of Bauer and Brunner

have been interpreted by Hall as giving upper and

9




lower limits, Harteck being high because of contami-

nation of his surface (¢f Freser (21) ) and Bauer

(21) R.G.J. Fraser, Molecular Rays, Cambridge (1931).

and Brunner low because of inadequate emissivity correc-
ticns. We have chosen to use the average of the three
most recent determinuticns, 87.5 kcal.

~ne have attempted alsc to measure directly the
differences in heats of vapcrization of Cu, Ag,and Au,
The relation between the ionic intensities due to

Ag or Cu and Au and the respective pressure is
P(au)/p(aG) = I(au) o & (Ag) a(ag) I(Ag) o & (M) a(au)

where p are the pressures and a the activities (22).

(22) (a) selected values for the thermodynamic proper-

ties of metals and alloys, Minerals ‘Reseurch Laboratory,

University of Califcornia, Berkeley ; (b) R.K.Edwards

and James H. Downing J.Chem.Phys., 60, 108 (1956).

Unfortunately, the uncertainty in the activities
of the more volatile compenent Cu or Ag, which activity
ranged between 0.0 and 0.1 gives rise to estimated

vap

uncertainties in AH (Aau) of 1.5 to 2 kcal. The

value obtained by this method is 87 kcal. Similarly,

10
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one quantitative vaporization experiment, using Eq.
(2) to determine S' , gives 87.3 kcal,

Free energy functions for the monatomic species
were taken frcm Stull and Sinke and were calculated

(23) for diatomic species. The vibration frequencies

(23) K.S.Pitzer, Guantum Chemistry, Prentice-Hall,Inc.,

New York (1953)

were taken from the literature (1-3, 9, 10) and the
interatomic distances estimated from the crystal radii
(2l4). The vibration freguencies used for Cu,, ag,, AgAu,

AgCu, and AuCu are 266.1, 192, 191, 210, 250

(24) L. Pauling, J.am.Chem.Soc., 69, 342 (1947).
: i

and 250 em™t respectively, while the interatomic
distances used are 2.3, 2.68, 2.63, 2.68, Ziz1,
2.11,and 2.51 A. Values of r based cn the gasecus
hydrides cr cn Ruamps vazlue for Au2 are systematicully
smaller but their use would not increase the Dz by

~ more than 0.5 kcal. rlectronic states were amssumed

1
to be ‘z:

11




The Dissociation Energies.

The values of the disscciation energles obtained
by Drowart and Honig (L), by Schissel (5), and by
ourselves are shown in Table IV, All these values have
been recalculated using the elemental heats of vapori-
zation und the free energy functions as stated above.
In calculating Schissel’s data, we have assumed that
his ionization cross section-multiplier correction,
d"a'(xz)/a-r(x), is equal to 1.7.

The results from this work and from the linear
Birge-Sponer extrapolaticn are considered to be in
gcod accord.:

The agreement between our work and Schissel's is
good when we interpret his results under the same
assumption for the lonization cross sections used in
interpreting D-H's and our own. This is: o (XY) =
o (X) + o(Y). The ratio of 0 ¥ (X,) /o ¥ (X) used in
calculating the Do0 shown in Table 1V is taken to be
1.7, assuming his correction for multiplier efficiency
to be 0.85. Ac'gally, one would expect the ratio of
X‘S‘for Cu,/Cu to be smaller than 0.85, tending to
bring our results into closer agreement. (Cf, Schissel's
paper (5); or Inghram et al. (25) for curves of ras

a function of mass).




(25) M.G. Inghram and R.J. Hayden, a Handbook on

mass spectrometry, NatlL.Rsch. Council Publication N°. 311;
Inghram, Hayden and Hess in N.B.S. Circ. 522 wWashington
(1953) p. 257.

Thus we belleve the difference between this work
and Schissel's is within the lirits of experimental
errcr, It shculd be noted that 3chissel worked with
20-vclt ionizing electrons, and we with 70. Schissel

observed that increasing his ionizing voltage causes

the computed value of D°

to decrease, which would tend
to bring our two sets c¢f data into closer agreements.
Drowart and Honig's results are systematically
2 kcal higher than ours. In order to determine if this
might be a result cf the crucible-source arrangement,
we performed an experiment with Cu using zn arrangemen.
similaer to D-H's actual experimental arrangement: a
resistance heeted, cpen aiumin& crucible wiiich was so
mounted that all molecules leaving in a solid angle
entered the icnizaticn chamber
(but, unlike D-H, we used the seccndary electron
multiplier). The Dg calculated frcm these open cell

messurements is 1.% kecal higher than that from our

Knudsen cell measurements, which is just on the limit

13




of experimental errcr., lie believe the present tech-
nigue, with the knudsen cell removed from the scurce
and with the well ccllimated molecular beam gives the
mere reliable results.,

D$ calculeted from piots of 1ln P(Xa)/P(X) vs
1/T, even thocugh not dependent on intrumental sensi-
tivities or free energy functions, arc, as is well
knovn much less reliable than those from the third

law, The DO calculated frcm our own &nd frcri the others'!

T
data tend to be 10kcel higher than the third law
Do' s, which 13 witiin the limit of ervor.

The prcbuable error in the absclute value cof our
results calculated by the third lawv is estimzted as fol-
lows: the scatter of the various exrerimental points
for each molecule is abcut 0.5 kcal (this isew 0.8kcal
for AgCu due to the smaller dimer-mcnomer rotioj.

The error due to an as.umed.uncertainty cf 70% in the
cress sections and rultipli:r efficlercies gives an
uncertainty cf 2 kecal at 1700° X ; a systematic tem-
perature errcr of L40® would give rise to 0.5 kcal for

au at 1706’#. No allowsnce 1s made for uncertainties

in the fre- energy function due to interatomic distances,
whiich may be systematically tco large. Exclusive of
uncerteinties in the heats of vseporization, tlkis gives

rise tu a most probsable errcr of 2.2 kcal,

13




A quantity that is ¢f interest is tre differerice
between the experimental DS(XY) and the arithmetic mean
of the energies for the symmetric molecules. Since errors
made in assuming ionigzation crcss secticns und in meds-
uring temperstures wculd largely tend tc cancel in taking
differences, we estimate the er.or in each Dg fcr this
purpose 0.5 kcal ; cruss secticns &nd
multiplier efficiencies 1 kcul : temperature C.2 kecal,
giving & most probable errcr cf 1.1 kcal. The most
probable errur in the difference is thus 1l.4 kcal,

Errors in the hects cf vaporizetion of the atons
for, say, AgAu causes an error in the difference equal

to A\ H(Ag)#1/2 /A H(Au). By *aifference®, the most probable
is * 1.7 keal.




Discussicn of results.

Brever and Searcy (26) have remarked that the

(26) L, Brewer and A.W. Searcy, "High Temperature Chemistry"
Ann.Rev.Fhys.Chem., 7 268 (1956).

dissociation energies for the six molecules of the copper
triad should prcvide extremely interesting tests of bond
theories. The first column of Table V shows the diss-
ociation energies of the asymretric molecules XY. The
second cclumn shows the arithmetic mean of Dg(XZ), and
the third column the difference between the first two
cclumns., #lthcugh there are significant differences,
these differences ure not larger than 15 ﬂ. in parti-
cular, the two_molecules ccntaining Au are distinectly
more stable than predicted by the mean of the symmetric
molecules.

Such behavicur may be interpreted in terms of a

difference c¢f electronegativity (28) 1or the three atoms.

(28) L. Pauling, Nature of the Chemical Bond, Cornell,
Ithace, N.Y. (1941).

slectronegativity differences between Cu-Ag, Ag-Au

and Au - Cu are calculated to be 0.24, 0.41,and 0.55,

16
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in gcod agreement with earlier results of Hulssinsky {29).

(29) M. Haissinsky, J.Phys. Rad., 7, 7 (1946).

This behavicur may be attributed to the avallability
of d crbitals for bonding. Silver, wiidlch has the smallest
energy of dissociation, also has the relatively most
stable d shell indicated by the fact that the atom with
next lower atomic number, Pd, has a dlosoconfiguraticn

D)

while those preceding Cu and Au (i and Ft) have dss and
d931 configurations. The silver uatcm has relatlively few
low lying dgexcited levels compared to Cu and Au, and
silver compcunds normally exhibit only the 41 valence.
Similarly, as discussed below, there seems to be a
distinct relation between bcnding in the gas and in the
condensed phases Indicating thet conclusions made about
bcnd character in the condensed phase arrly to the
diatomic molecules.
It has been remurked by Pauling that the ratio
‘leap/Dz is approximately 2 for the group lA elements

(30).

(30) L. Pauling, J.Chem.Fhys., 46, 277 (1949).

17




Similarly, we may use dissocistion energies given by
Herzberg (31), Chupka, berkowitz, Giese and Inghram
(32) and

(31) G. Herzberg, Moleculz r Spectra and iMoleculer
Structure I : Diatomic Mclecules. Van Nostrand,

New York 1951.

(32) Chupka, Eerkowitz, Giese and Inghram, J.Phys.Chem.,
62,611 (1958).

by ourselves to calculate the same ratio for the groups
IIIB, III and IB. This ratio systematically is equal to

2, which leads cne to believe that bonding in the gas
and in the condensed phases i1s similar for these metals.
Thus the stahllity of the row VI transiticn metals,
apparently dwe to the d electrons, is observed alsc in
Au2 (g).

In view of the a'parent relation between bonding
in the gas phase and in the pure liquids, we huve locked
for a relation between the dissociuztion energies of the
asymmetric molecules and the enthalpies of mixing. The
systems Cu-Ag-Au a:re relatively well sulted for such a
comparison since the pure metals have the same crystal
structure and approximutely the same radii. Furthermore

the alloys hive well determined and relatively simple

18




phase diegreams,

The enthalpies of mixing are shown in column 5 of
Table V. There seems to be & qualitative relation between
those enthalples znd deviation from Pauling's rule
sfown in column 4. AuCu has the largest deviation from
Pauling's rule, and the largest excess enthalpy of
mixing ; for AgAu both are smaller, snd for AgCu, they
are the smallest.

Activity data and dissociation energies are known
for the system NaK where the deviation from Pauling's
rule and the enthalpy of mixing both are very small,

Work is under way to extend the above relation.

19




Table 1.

Corrected dimer/monomer ratios and calculated dissociation

energies from ion intensities above pure metals (Exp. 19
and 20) and alloys (Exp. 4, 10, 14, 16, 17).

(1) (2) (3) M (3) (1) (2) (3) I (%)
Exp. T XY x 10 D, kcal Exp. T°K XY x1i0 Do kcal
Cu, W Agau(a) Y
20 1elle Al e ik 558 . 3,73 48.17

163, 9.93 43.43 1575 3.22 46.32..
1642 9.67  L43.1L ey Tl 4E.267
1709  13.82  §3.12 1722 8.90 47.92%
1620  7.94  42.95 1798  12.00 47.76%
18 © 7.15 . G380 17 1866 ' 2,89 47.28
mean: U43.23 1612 3.27 Lué6. 71
1694 €.58 Tl
ag LR
1 i ;
192 1356 6.86  35.42 | Ttk el
1352 8.69 36.10 mean 47.58
i“gg Rt 3L.95  aacu(b)
Lhaith oo onT IS SeBSRL gest
1418 11.4)  35.63 1632 2.8 41.20
1336  7.48  36.00 i?;g %'i; %2'3?
Heans SO0, - yg - TomEC SRS h2.76
aup(a) y 1583 3,01 140.66
1y 1666 106 52.09™ mean: 40.65
1722 11.90  51.cEr
1803 18.65  Eo.o5¥%
16 173 15.89 G2.e7 “ydule)
190 “upds.  Ew.gm T 1725 47.9 54.32
1708 W RT . Hp, GE 1734 43.5 53.83
1658  10.30 B2 ch A7y 3.3 Sh.y3,
VT £1.32 1763 4l.t 54.25°
17 165l - WaNeh | Ha g 1656 47.3 55.39,
igg8 ‘iEwby =i.et 1761 62.8 S4.49%
IRaE — LB e e 1798 74.1 Sy.81%
mean 51.91 mean: 54.50

(a) In expcriments 14, 16, and 17 corrections of 0.3, 0.7, and 0.3 kcel

(b) 0.3 kcal has been added to D:,(AgCu) for the reduced activity of

respectively have been added to Doto compensate for the reduced
activity of gold in the alloys.

copper.

average of 3 to 5 consecutive measurements at the same temperature.
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TapcLe II. Ionization cross secticns and relative yield

of the multiplier.

Specles ionization cross secticn mult. yield x
cross section
Cu 18.4 18.4
Cu2 36.8 26.1
Ag 34.8 2l 7
Ag, 69.6 32.4
Au 35 16
Au2 70 27
AgCu 53.2 29.3
AgAu 70 29
AuCu 53 22
21




P @b TLD, HigR of gold (kcal).

Rurf and bergdahl (20 a) (1919) 82.98
Auif and konschak (20 b) (1926) 81.71
harteck (20 ¢) (1928) 91.22
Farkas (20 d4) (1929) 88.40
taur and brunner (20 e) (1934) 78.12
Hall (20 f) (1951) 8L.70
Nesmaianov, smakhtin, Lebedev (20 g) (1957) 87.70
Edw-rds (20 h) (1959) 87.20
Rauh (20 i) (1959) 87.50
Selec.ed aAverage (last three values) 87.5
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T~BL~ IV, Dissociaticn emergiecs at § K of 1v symmetric

and as. mmetric mclecules in kcal/mole.

This work Drow:rt Schissel Spectr.

Hendg () (5) (b.-8.)
recalc. recalc.

Cu2 W3.2¢ 2.2 y6.4 2.3 hILsrEe.3 48

Ag2 B 2.8 kL TCE B 3.2 823 L2

Au'2 58S e 2 53u0d 243 5k.8 T2y 62

Agau Wi« 6822 = - -

agCu o, 7+2.2 - - 29

auCu Sh.522.2 - - 64
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o o
Tupis V. Comperison of Dg (XY) with 1/2 [Do (Xg)'ﬁDo(Yz)]
(Pauling's rule) and «ith the enth .lpy of mixing

for the alloys.

Species D° exp. D° cale, S (1liguid)

© keal © keal n =0,C
AgAu 47.6 43.8 $3.8%1. 7% ~1,1(1350°x)(22a)
AgCu 40.7 39.4 $0.3%81.7* 0,8(1428°K)(22b)
AuCu 54.5 137.6 +6.921.7% ~2.7(1550°K)(27)

& Most prcbable error including * 1.4 kecal experimental
error plus error in &BH'?P (see text). This error is
smaller than the uncertuinties in the wbsclute values

due to conmpensating errors.




—
—

o b

Figure 1. Electron bombardment furnace and ion source
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